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USE OF AN ADHESIVE COMPOSITION OVER A BIOACTWE 
POLYMERIZATION INITIATOR OR ACCELERATOR 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

5 The invention relates to the use of monomer and polymer compositions as 

biomedical adhesives and sealants, and particularly to their use in conjunction with 
bioactive materials. 

2. Description of Related Art 

Products in primary use for wound closure are surgical sutures and staples. 

1 0 Sutures are recognized to provide adequate wound support. However, sutures cause 
additional trauma to the wound site (by reason of the need for the needle and suture to 
pass through tissue and the need to anesthetize the wound area via needle puncture) and 
are time-consuming to place, and, at skin level, can cause unattractive wound closure 
marks. Surgical staples have been developed to speed wound apposition and provide 

1 5 improved cosmetic results. However, surgical staples also impose additional wound 
trauma and require the use of ancillary and often expensive devices for positioning and 
applying the staples. Both sutures and staples are especially problematic in pediatric 
cases where the patient may have a strong fear response and refuse to cooperate with 
their placement, and in geriatric cases where the skin tissue is weaker and prone to 

20 tearing. 

As an alternate to surgical sutures and staples, adhesives have been used in 
wound closure. Similarly, adhesives have been proposed for use in wound covering and 
protection in such topical applications as surface lacerations, abrasions, bums, 
stomatitis, and other open surface wounds. One group of such adhesives is the 1,1- 
25 disubstituted ethylene monomers, such as the monomeric forms of a-cyanoacrylates. 

For wound closure and covering using adhesives, mixtures of cyanoacrylate 
adhesives and medicaments have been developed. For example, U.S. Patent No. 
5,684,042 to Greff et al. discloses a cyanoacrylate composition comprising an 
antimicrobially-effective amount of an iodine-containing antimicrobial agent. The 
30 iodine-containing antimicrobial agent is dispersible in the cyanoacrylate composition 
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2-phenylphenol, boric acid, mercurials, and such antibiotics as Bacitracin and 
Griseofulvin, quaternary ammonium halides such as n-aikyldimethylbenzylammonium 
chloride, cetyl pyridinium bromide, 5-methyl-2-isopropyl-cyclohexanol, 2-bomanone, 
cineole, safrole, bomyl chloride, 2-phenoxyethanol, benzylalcohol and ethanol. The 
5 biocides are applied to human fingernails, then covered by solutions comprising 

cyanoacrylate adhesive. The biocides are applied to the natural fingernails in a solution, 
and the solution is allowed to dry, leaving the active biocides on the nails. The biocide- 
treated fingernails are roughened with an abrasive, then coated with a monomelic 
cyanoacrylate solution to form the artificial fingernails. The cyanoacrylate monomers 
1 0 are polymerized by the addition of a polymethacrylate ester composition containing a 
benzoyl peroxide catalyst. There is no suggestion of selecting the monomers and 
biocides such that the biocides affect polymerization. 

U.S. Patents Nos. 4,764,377 and 4,892,736 to Goodson disclose the use of a 
therapeutic agent and a cyanoacrylate adhesive for treatment of periodontal diseases. 
1 5 The therapeutic agent is placed within the periodontal pocket, then covered by a 

mechanical maintenance system (which may be in the form of a layer of an adhesive 
film, such as n-butylcyanoacrylate), which holds the therapeutic agent in the periodontal 
pocket, allowing the therapeutic agent to be administered to the periodontal site. 
Goodson and co-workers also disclose this type of system in, for example, "J. Periodont. 
20 Res", 1990, Vol. 25, 243-249, and "Recent Advances in Periodontology", Vol. 1 1, 61- 
68. The therapeutic agents include antibacterial agents such as iodine, sulfonamides, 
mercurials, bisbiguanides, or phenolics; antibiotics such as tetracycline, neomycin, 
kanamycin, metranidazole, or canamycin; anti-inflammatory agents such as 
indomethacin, eugenol, or hydrocortisone; immunosuppressive or stimulatory agents 
25 such as methotrexate or levamasole; dentinal desensitizing agents such as strontium 

chloride or sodium fluoride; odor masking agents such as peppermint oil or chlorophyll; 
immune reagents such as immunoglobulin or antigens; local anesthetic agents such as 
lidocaine or benzocaine; nutritional agents such as amino acids, essential fats, and 
vitamin C; antioxidants such as alphatocopherol and butylated hydroxy toluene; 
30 lipopolysaccharide complexing agents such as polymyxin; or peroxides such as urea 
peroxide. There is no suggestion of selecting the monomers and biocides such that the 
biocides affect polymerization. 
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US. Patents No, 5,5 ,4,37 , and 5,624,669 to Leung, et al. disclose the addition 
of a therapeutic agent in a cyanoacry,ate composite, The cyanoacrylate adhesive 
forms a matrix for the therapeutic agent, with the therapeutic agent being released 
^overtime from the matrix during biodegradation of the polyrner. Tl,e therapeudc 
agent „ not used as a polymerization initiator or a polymerization rate modifier 

U.S. Patent No. 4,940,579 to Randen discloses a composition comprising a 
med,cament and a cyanoacrylate adhesive. The composition is used to deliver 
mechcaments to non-mucosal areas of mamma, bodies. However, Randen does not 
d 1S close the use of medicaments as polymerization initiators and/or rate accelerators 
U.S. Patent No. 5,254,132 to Barley et al. discloses the use of cyanoacry,ate 
adheres in conjunction with amniotic, The antibiotics are added to the cyanoacry.ate 
compositions and stored in a sterile applicator for use in a single-dose application The 
composuion is maintained in a sealed container to avoid polymerization prior to 
apphcataon; therefore, the antibiotic does not initiate or accelerate polymerization of the 
adhesive composition. 

Typically, when used in medical applications, cyanoacrylate adhesives are 
applied m monomeric form to the surfaces to be joined, sealed, or otherwise treated 
Typ.cal.y, in situ anionic polymerization of the monomer occurs, giving rise to the 
des^ed adhesive bond or covering. Initiation of polymerization * situ typically utilizes 
mature and/or proteins naturally present in the tissue being treated. Thus m 
applications where tissue fluids are present, it is not necessary to add polymerization 
•rnnators or rate accelerators to cyanoacry,ate composition. However, sometimes it is 
desirable to apply the cyanoacrylate adhesives to dry tissues (i.e., tissues that are 
essentially free of tissue fluids or the lilce): In addition, to prolong the shelf life of these 
extremely reactive cyanoacrylate monomers, they are formulated with stabilizers to 
avotd their premature polymerization. In these situations, polymerization of the 
cyanoacrylate adhesive proceeds slowly, causing inconvenience to the user To 
overcome this inconvenience, polymerization initiators and/or rate accelerators have 
been added to the cyanoacrylate adhesive composition. 

When an initiator or accelerator is added to the composition, it is not added until 
immed,ate.y prior to application of the adhesive. For example, U.S. Patent No 
4,042,442 to Dombroski e, a,, discloses the addition of a polymerization initiator (either 
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caffeine or theobromine) to a cyanoaciylate adhesive composition. The caffeine or 
theobromine is added to the adhesive composition in one of two ways. In the first way, 
the caffeine or theobromine can be mixed with the cyanoaciylate adhesive composition 
by stirring just prior to application of the adhesive to the substrates to be joined. In the 
5 second way, the caffeine or theobromine is dissolved in a volatile solvent, applied to the 
surfaces to be joined, the volatile solvent is allowed to evaporate, and then the 
cyanoacrylate adhesive composition is applied to the surfaces of the substrates to be 
joined. 

Commonly assigned PCT Application No. WO 96/40797, the disclosure of 

1 0 which is hereby incorporated in its entirety, discloses the incorporation of a 
polymerization initiator or polymerization rate modifier in an applicator tip. 
Incorporation of the initiator or the rate modifier into the applicator tip allows a level of 
control over the polymerization rate that cannot be achieved through reliance on 
polymerization initiators naturally present at the wound site. Incorporation of the 

1 5 initiator and/or rate modifier into the applicator tip provides convenience to the user, 

since a single applicator is required, and no additional mixing is needed. However, this 
application does not disclose the use of a medicament as an initiator or accelerator of 
polymerization for monomeric cyanoacrylate compositions. 

Although the use of medicaments in conjunction with cyanoacrylate adhesive 

20 compositions is known, and the use of polymerization initiators with cyanoacrylate 

adhesive compositions is known, there exists a need to provide a method for delivering 
pharmaceutically-effective levels of medicaments to wound sites along with 
cyanoacrylate adhesives that is convenient, reliable, and effective. To address this need, 
the present invention provides methods and compositions that use pharmaceutically- 

25 effective amounts of medicaments as polymerization initiators or accelerators for 
monomeric adhesive compositions. 



SUMMARY OF THE INVENTION 
According to the present invention, a medicament acts as both an initiator and/or 
30 an accelerator of polymerization of a monomeric adhesive composition and as a 

pharmaceutically active material. As used herein, a polymerization initiator is any 
material that causes a cyanoacrylate composition applied to a substantially dry tissue 
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for example a, approxtrnately 2, -25-C occurs in less dun 300' seconds, preferably in ' 
I- .nan ,50 seconds, «, more preferably ,„ ,ess fan ,35 seconds. The ini.ia.or or 
rate accelerator can be, for example, a catiuyst, bu, can also be a materia, ma, ls 
consumed or chemtcally modified during me po ly merizatio„ reaction. The medicamen. 
can be an y ma.eri,l that has both a pharmaceutical effec. as applied and a 
polymenzation initiating or nue accelera,ing activity, me^g, b„, no, ,imi,ed ,o 
antib,„tics, antimicrobials, a„,iseptics, bacfcriocins, bacteriostitts, disinfect, steroids 
anesmetics, fungicides, ar.ti-inflamma.ory age„ K , amibacerial agena, antiviral ^ ' 
antitumor agenls, and tissue growh promoting subsances. 

The invention provides, among omer tiungs, a merhod of closing, sealing 
covenng, and/or protecting deep and/or surface wounds, such as those resulting fan 
surgery or from lacerations, bums, sores, abrasions, and the like. The method ntcludes 
laymg down a rnetltcanen. onto , „„„„d or sore a™, applying over the medicament a 
Hjmertzable monomer^taining composition whose polymerization is initiated or 
accelerated by die medicament. 

In embodiments, the invention also provides a method of delivering a 

.0 a tissue sue and applying over me medicamem a polymerize monomer^ntauung 
composition whose polymerization is imtiafcd „ r accelerated by the medicament As 
used herein, tissue includes a„ y tissue of a human or anima,, such . skin, mucous 
membranes, orai/nasa, tissttes, gasuoimestinal tissues, organ tissues, tumors, non- 

keratinous tissue, etc. 

The present invention also provides a kit comprising a saleable package 
— g („ a container of a polvmerizabl. monomer composition such as described 
Kerem, and «Q a confer of a medicament preferab, y one tha, acts as a polymerization 
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initiator or polymerization rate modifier for said monomer composition. The containers 
can preferably be in the form of, or part of, an applicator or applicator system and are 
preferably sterilizable. For example, the package and its contents can preferably be 
sterilized simultaneously. 

5 

The present invention also provides a manufacture of a package comprising a 
polymerizable monomer composition and an instruction sheet for a method of delivering 
a medicament to a patient, the method comprising: 

applying a pharmaceutical ly effective amount of a medicament to a tissue of said 
10 patient, and 

applying a polymerizable monomer composition onto the medicament, 

wherein the medicament is a polymerization initiator or polymerization rate 
accelerator and causes polymerization of the monomer composition to form a polymeric 
adhesive covering to said tissue. 

15 

The present invention provides several advantages over wound treating methods 
now in use, including the ability to: 

a) control the molecular weight distribution of the polymerized or cross- 
linked material (through the use of the polymerization initiator and/or polymerization 

20 rate accelerator); 

b) control the setting time of the polymerized or cross-linked cyanoacrylate 
adhesive; 

c) control the flow properties of polymerizable cyanoacrylate compositions; 

d) provide a medicament to a patient while simultaneously providing 
25 wound closure, protection, and/or coverage; 

e) provide a medicament to a patient through topical administration; and/or 

f) any combination of the above. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
According to the invention, a medicament is applied to a tissue prior to 
30 application of the monomer-containing composition. The medicament acts to initiate 
and/or accelerate polymerization of the monomer composition. Thus, the medicament 
provides not only a biological activity, but a chemical one as well. 
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Examples of such medicaments include, but are not limited to antibiotics 
antumcrobia.s, antiseptics, bacteriocins, bacteriostats, disinfectants, steroids 
anesthetics, fungicides, anti-inflammatory agents, antibacterial agents, antivira, 
agents, antitumor agents, growth promoters, and mixtures thereof. 

*^««*^ 
hahdes such as benzallconium chloride and benzethonium chlonde; chl orhexidine 
sulfate; gentamicin sulfate; hydrogen peroxide; quinolone thioureas; silver salts 
-eluding, but not limited to, silver acetate, silver benzoati silver carbonate, silver 
chlonde, silver dtrate, silver iodide, silver nitrate, and silver sulfate; sodium 
hypochlorite; salts of sulfadiazine, including, but not limited to silver, sodium, and 
zinc salts; and mixtures thereof. 

Preferable medicaments are those that are anions or help in radical generation 
or that are ion pairs or are themselves radicals. 

In embodiments, the medicament is preferably a quaternary ammonium halide 
such as alJcylber^ldimethylammonium ch.oride (benzallconium chlonde; B AC) with an 
alky, containing 6-18 carbon atoms, its pure components, or mixtures thereof or 
benzemomumch.onde;orasa,tofs U lfad^ne,suchasa S ilver,^ 

^-^entscanbetestedforiruUationabilitybypipettinga^ 
volume ofasolutionofthemedicament prepared inavolatile solvent in a differentia, 
scamung calorimetric aluminum pan. The volatile solvent is allowed to dry under 
ambtent conditions. Alternatively, the appropriate quantity of the medicament is 
expensed directly onto the differential scanning calorimetric pan. In either of the 
abovementioned cases, 25 ui of the chosen monomer solution ,s pipetted into the pan 
The tune taken for the monomer composition to polarize to the point of a ge . is the 
^ polymerization time. 

In embodiment u,. common can comprise other polymerization injtiators 
and/o, ra eacce lm ,o re ,„ addWonBmem ^ Mprtcuto ^ o ^ j[ . tiaM[s 

for papula, systems may be readtly sdected by one of ski,! in the m „«,„„, ^ 
expenmentanon. Suitable additional poiymerizadon initiators for the cyanoacryiat. 
compositions include, but are no, limit* „, otlKr medicamems . 
compositi sur6ctanK: ^ „ onjonic smbams ^ m f ^ ^ ^ ^ 

*v , 1U Amencas), polysorbate 80 (e.g., Tween 80™- in a • * , 

v s., i ween so , ICI Amencas), and poloxamers; 
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cationic surfactants such as tetrabutylammonium bromide and benzethonium chloride or 
its pure components; anionic surfactants such as, stannous octoate (tin (II) 2- 
ethylhexanoate), and sodium tetradecyl sulfate; and amphoteric or zwitterionic 
surfactants such as dodecyldimethyl(3-sulfopropyl) ammonium hydroxide, inner salt; 
5 amines, imines and amides, such as imidazole, tryptamine, urea, arginine and povidine; 
phosphines, phosphites and phosphonium salts, such as triphenylphosphine and triethyl 
phosphite; alcohols such as ethylene glycol; methyl gallate; ascorbic acid; tannins and 
tannic acid; inorganic bases and salts, such as sodium bisulfite, magnesium hydroxide, 
calcium sulfate and sodium silicate; sulfur compounds such as thiourea and 
10 polysulfides; polymeric cyclic ethers such as monensin, nonactin, crown ethers, 

calixarenes and polymeric epoxides; cyclic and acyclic carbonates, such as diethyl 
carbonate; phase transfer catalysts such as Aliquat™ 336 (General Mills, Minneapolis, 
MN); organometallics; manganese acetylacetonate; and radical initiators and radicals, 
such as di-t-butyl peroxide and azobisisobutyronitrile. 
1 5 The polymerizable and/or cross-linkable material may also contain an initiator 

which is inactive until activated by a catalyst or accelerator (included within the scope of 
the term "initiator" as used herein). These initiators can be activated by appropriate 
stimulation such as heat and/or light (e.g., ultraviolet or visible light). 

Compositions employed in the invention are preferably sterilizable. 
20 The amount of medicament applied should be an amount sufficient to cause 

initiation or acceleration of the rate of polymerization upon contact and mixing of the 
medicament with the monomelic composition. The medicament should also be applied 
in a pharmaceutically-effective amount and should be selected in conjunction with the 
specific polymerizable monomeric compound such that the medicament will function as 
25 a polymerization initiator and/or rate accelerator for the chosen monomer. Such a 
selection process can easily be performed by one of skill in the art. 

The medicament can have a pharmaceutical effect only at the site of application 
(i.e., limited to the tissue on/in which it is applied), or it can have a systemic effect (by 
systemic, it is not only meant that the medicament has an effect throughout the patient's 
30 body, but also at a specific site other than the site of application). In embodiments 
where the medicament is applied in an amount sufficient to show a systemic 
pharmaceutical activity, it can be absorbed, transported, or otherwise distributed to the 
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previous coating has been completely polymerized. Preferably, the monomer 
composition applied to the abutted tissue surface is allowed to at least partially 
polymerize prior to subsequent coatings or applications of additional monomer 
composition. A coating of an adhesive composition having a monomer different from 
5 the monomer of the first or previous coating may be applied as the second or subsequent 
coating. 

Addition of a plasticizing agent and acidic stabilizing agent can cause such a 
polymer coating to have sufficient bond strength and flexibility even with significant 
film or coating thicknesses. Suitable film thickness range from 0.1 mm to 2.0 mm or 
10 3.0 mm or higher, preferably from 0.2 mm to 1 .5 mm, and more preferably from 0.4 mm 
to 0.8 mm. 

In embodiments, the biocompatible film formed as a replacement for sutures 
may have an in vivo film strength of at least 70 mm Hg of vacuum pressure required to 
induce wound failure, generally from 70 mm Hg to 400 mm Hg of vacuum pressure 

1 5 required to induce wound failure, preferably from 90 mm Hg to 400 mm Hg of vacuum 
pressure required to induce wound failure, and more preferably from 100 mm Hg to 400 
mm Hg of pressure required to induce wound failure. 

When repairing injured tissues (for example, to control bleeding), the invention 
comprises first sponging the site to be repaired to remove superficial or body tissue 

20 fluids. Desired bonding of tissues or hemostasis can also proceed well in the presence 
of blood and other body fluids as well as on dry tissue. The bonds formed are of 
adequate flexibility and strength to withstand normal movement of tissue. In addition, 
bond strength is maintained as natural wound healing proceeds. 

In another embodiment, the present invention is directed to a method of treating 

25 a superficial or topical pathology, including, but not limited to a skin wound such as a 
superficial laceration, burn, or abrasion, or a sore on a mucous membrane. The method 
comprises (a) applying a medicament that is a polymerization initiator or rate accelerator 
to the affected tissue, (b) applying a polymerizable monomer-containing composition 
over the medicament; (c) allowing the composition to polymerize; and (d) optionally, 

30 applying the composition at least once more to the same site. 

Suitable film thickness for such topical applications is preferably between 1 and 
10,000 |im, for example between 1 and 1000 |im. In embodiments, the biocompatible 
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Monomers that may be used in this invention are readily polymerizable, e.g. 
anionically polymerizable or free radical polymerizable, or polymerizable by zwitterions 
or ion pairs to form polymers. Such monomers include those that form polymers, that 
may, but do not need to, biodegrade. Such monomers are disclosed in, for example, 
5 U.S. Patent No. 5,328,687 to Leung, et al., which is hereby incorporated in its entirety 
by reference herein. 

Useful 1,1-disubstituted ethylene monomers include, but are not limited to, 
monomers of the formula: 

(I) HRC=CXY 

1 0 wherein X and Y are each strong electron withdrawing groups, and R is H, -CH=CH 2 or, 
provided that X and Y are both cyano groups, a Cj-C 4 alkyl group. 

Examples of monomers within the scope of formula (I) include alpha- 
cyanoacrylates, vinylidene cyanides, C,-C 4 alkyl homologues of vinylidene cyanides, 
dialkyl methylene maionates, acylacrylonitriles, vinyl sulfinates and vinyl sulfonates of 
1 5 the formula CH^XT' wherein X' is -SCXR 1 or -S0 3 R' and Y' is -CN, -COOR\ - 
COCH 3 , -S0 2 R' or -S0 3 R\ and R' is H or hydrocaihyl. 

Preferred monomers of formula (I) for use in this invention are alpha- 
cyanoacrylates. These monomers are known in the art and have the formula 



CN 

, / 

(II) HRT=C 

\ , 

COOR 

20 wherein R 2 is hydrogen and R 3 is a hydrocarbyl or substituted hydrocarbyl group; a 

group having the formula -R 4 -0-R 5 -0-R 6 , wherein R 4 is a 1 ,2-alkylene group having 2-4 

carbon atoms, R 5 is an alkylene group having 2-4 carbon atoms, and R 6 is an alkyl group 

having 1-6 carbon atoms; or a group having the formula 

- R 7 - C-O-R', 
II 

o 
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wherein R 7 is 

CH 3 

I ,or-C(CH) - 
-(CH,).-,-CH- 32 

wherein n is 1-10, preferably 1-5 carbon atoms and R« is an organic moiety. 

Examples of suitable hydrocarbyl and substituted hydrocarbyl groups include 
straight chain or branched chain alkyl groups having 1-16 carbon atoms; straight chain 
or branched chain C,-C 16 alkyl groups substituted with an acyloxy group, a haloalkyl 
group, an alkoxy group, a halogen atom, a cyano group, or a haloalkyl group; straight 
chain or branched chain alkenyl groups having 2 to 16 carbon atoms; straight chain or 
branched chain alkynyl groups having 2 to 12 carbon atoms; cycloalkyl groups; aralkyl 
groups; alkylaryl groups; and aryl groups. 

The organic moiety R 8 may be substituted or unsubstituted and may be straight 
chain, branched or cyclic, saturated, unsaturated or aromatic. Examples of such organic 
moieties include C.-C, alkyl moieties, C 2 -C 8 alkenyl moieties, C 2 -C 8 alkynyl moieties, 
C 3 -C l2 cycloaliphatic moieties, aryl moieties such as phenyl and substituted phenyl and 
aralkyl moieties such as benzyl, methylbenzyl and phenylethyl. Other organic moieties 
include substituted hydrocarbon moieties, such as halo (e.g., chloro-, fluoro- and bromo- 
substituted hydrocarbons) and oxy- (e.g., alkoxy substituted hydrocarbons) substituted 
hydrocarbon moieties. Preferred organic radicals are alkyl, alkenyl and alkynyl moieties 
having from 1 to about 8 carbon atoms, and halo-substituted derivatives thereof. 
Particularly preferred are alkyl moieties of 4 to 6 carbon atoms. 

In the cyanoacrylate monomer of formula (11), R 3 is preferably an alkyl group 
having 1-10 carbon atoms or a group having the formula -AOR', wherein A is a divalent 
straight or branched chain alkylene or oxy"alkylene moiety having 2-8 carbon atoms, and 
R 9 is a straight or branched alkyl moiety having 1-8 carbon atoms. 

Examples of groups represented by the formula -AOR 9 include l-methoxy-2- 
propyl, 2-butoxy ethyl, isopropoxy ethyl, 2-methoxy ethyl, and 2-ethoxy ethyl. 

Preferred a-cyanoacrylate monomers used in this invention include 2-octyl 
cyanoacrylate, dodecyl cyanoacrylate, 2-ethylhexyl cyanoacrylate, butyl cyanoacrylate, 
methyl cyanoacrylate, 3-methoxybutyl cyanoacrylate, 2-butoxyethyl cyanoacrylate, 2- 
isopropoxyethyl cyanoacrylate, or l-methoxy-2-propyl cyanoacrylate. 
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The a-cyanoacrylates of formula (II) can be prepared according to methods 
known in the art. U.S. Patents Nos. 2,721,858 and 3,254,1 11, each of which is hereby 
incorporated in their entirety by reference herein, disclose methods for preparing 
a-cyanoacrylates. For example, the a-cyanoacrylates can be prepared by reacting an 
5 alkyl cyanoacetate with formaldehyde in a non-aqueous organic solvent and in the 
presence of a basic catalyst, followed by pyrolysis of the anhydrous intermediate 
polymer in the presence of a polymerization inhibitor. The a-cyanoacrylate monomers 
prepared with low moisture content and essentially free of impurities are preferred for 
biomedical use. 

1 0 The a-cyanoacrylates of formula (II) wherein R 3 is a group having the formula 

R'-O-R'-O-R 6 can be prepared according to the method disclosed in U.S. Patent No. 
4,364,876 to Kimura et al., which is hereby incorporated in its entirety by reference. In 
the Kimura et al. method, the a-cyanoacrylates are prepared by producing a 
cyanoacetate by esterifying cyanoacetic acid with an alcohol or by transesterifying an 

1 5 alkyl cyanoacetate and an alcohol; condensing the cyanoacetate and formaldehyde or 
para- formaldehyde in the presence of a catalyst at a molar ratio of 0.5-1.5:1, preferably 
0.8-1.2:1, to obtain a condensate; depolymerizing the condensation reaction mixture 
either directly or after removal of the condensation catalyst to yield crude cyanoacrylate; 
and distilling the crude cyanoacrylate to form a high purity cyanoacrylate. 

20 The a-cyanoacrylates of formula (II) wherein R 3 is a group having the formula 

- R 7 - C-0-R B 

II 

O 

can be prepared according to the procedure~described in U.S. Patent No. 3,995,641 to 
Kronenthal et al., which is hereby incorporated in its entirety by reference. In the 
Kronenthal et al. method, such a-cyanoacrylate monomers are prepared by reacting an 

25 alkyl ester of an a-cyanoacrylic acid with a cyclic 1,3-diene to form a Diels-Alder 

adduct which is then subjected to alkaline hydrolysis followed by acidification to form 
the corresponding a-cyanoacrylic acid adduct. The a-cyanoacrylic acid adduct is 
preferably esterified by an alkyl bromoacetate to yield the corresponding 
carbalkoxymethyl a-cyanoacrylate adduct. Alternatively, the a-cyanoacrylic acid 

30 adduct may be converted to the a-cyanoacrylyl halide adduct by reaction with thionyl 
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chtonde. The o-cyanoactyly, ^ ^ „ ^ ^ ^ _ ^ ^ 
or a methyl substituted alkyl hydroxyaceuUe to yeld the correspond,*, 
carbalkoxymedty, a-cyanoactyhtte adduc, or earbaltay afcy, o-cyanoa^ate adduc, 
-pecnve.y. Thecyche U^W..^^^,,^ 
m«hyl a-eyanoac^ue ^ „ ^ ^ ^ ^ 

convened into «,,, corresponding eartaltaty a.ky! c-cya^acrylate by heating the 
anducl in the presence of a slight deficit of maleic anhydride. 

Examples of mongers of formula (II) include cyanopentadienoa.es and a- 

cyanoacrylates of the formula: 



CN 

(HI) HZC=/ 

\ 

COOR 3 

wherein Z is -CH=CH, and R> is as defined above. The monomers of formula (III) 
wherein R> is an alkyl group of M0 carbon ^ ^ ^ 2^.^^^ 
a«d esters, can be prepared by reacting an appropriate 2-cyanoacetate with acrolein in 
thepresenceofacatalystsuchaszincchlonde. This method of preparing 2-cyanopenta- 
2,4-d.enoic acid esters is disclosed, for example, in U.S. Patent No. 3,554,990, which is 
hereby incorporated in its entirety by reference. 

Preferred monomers are alkyl a-cyanoacrylates and more preferably octyl a- 
cyanoacrylates, especially 2-octy, a-cyanoacrylate. Monomers uti ll2 ed m the present 
apphcation should be very pure and contain few impurities (e.g., surgical grade) 

The composition nay optionally also include at least one prizing agent that 
•mparts flexibility to the polymerized monomer formed on the wound, incision or 
abraston. The olasticizing agent preferably contains Utile or no moisture and should not 
significantly affect the polymerization of the monomer. 

Examples of suitable plasticizers include acetyl tributyl citrate, diethyl 
sebacate, triethyl phosphate, tri(2-ethylhexy,)phos P hate, tri(p-cresyl) phosphate 
glyceryl triacetate, g.ycery, tributyrate, diethyl sebacate, dactyl achate, .sopropyl 
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myristate, butyl stearate, lauric acid, trioctyl trimellitate, dioctyl glutarate and mixtures 
thereof. Preferred plasticizers are tributyl citrate and acetyl tributyl citrate. In 
embodiments, suitable plasticizers include polymeric plasticizers, such as polyethylene 
glycol (PEG) esters and capped PEG esters or ethers, polyester glutarates and polyester 
5 adipates. 

The composition may also optionally include at least one stabilizing agent that 
inhibits polymerization. Such stabilizing agents may also include mixtures of anionic 
stabilizing agents and radical stabilizing agents. 

Examples of suitable anionic stabilizing agents include, but are not limited to, 

1 0 sultones (e.g., a-chloro-a-hydroxy-o-toluenesulfonic acid-y-sultone), sulfur dioxide, 
sulfuric acid, sulfonic acid, lactone, boron trifluoride, organic acids, such as acetic acid 
or phosphoric acid, alkyl sulfate, alkyl sulfite, 3-sulfolene, alkylsulfone, alkyl sulfoxide, 
mercaptan, and alkyl sulfide and mixtures thereof. Preferable anionic stabilizing agents 
are acidic stabilizing agents of organic acids such as acetic acid or phosphoric acid. In 

1 5 embodiments, the amount of sulfur dioxide stabilizer is less than 1 00 ppm, preferably 5- 
75 ppm, and more preferably from about 20-50 ppm. The amount of sultone and/or 
trifluoracetic acid is about 500-3000 ppm. 

Examples of suitable radical stabilizing agents include hydroquinone, 
hydroquinone monomethyl ether, catechol, pyrogallol, benzoquinone, 2- 

20 hydroxybenzoquinone, p-methoxy phenol, t-butyl catechol, butylated hydroxy anisole 
(BHA), butylated hydroxy toluene, and t-butyl hydroquinone. In embodiments, the 
amount of BHA is about 1 ,000-5,000 ppm. 

Suitable acidic stabilizing agents include those having aqueous pK^ ionization 
constants ranging from -12 to 7, about -5 to about 7, preferably from about -3.5 to about 

25 6. For example, suitable acidic stabilizing agents include: hydrogen sulfide (pK, 7.0), 
carbonic acid (pK, 6.4), triacetylmethane (pK^ 5.9), acetic acid (pK, 4.8), benzoic acid 
(pK, 4.2), 2,4-dinitrophenol (pK, 4.0), formic acid (pK^ 3.7), nitrous acid (pK, 3.3), 
hydrofluoric acid (pK, 3.2), chloroacetic acid (pK^ 2.9), phosphoric acid (pK, 2.2), 
dichloroacetic acid (pK, 1 .3), trichloroacetic acid (pK, 0.7), 2,4,6-trinitrophenol (picric 

30 acid) (pK^ 0.3), trifluoroacetic acid (pK, 0.2), sulfuric acid (pK, -3.0), sulfiirous acid, 
and mixtures thereof. In embodiments, the amount of trifluoroacetic acid is about 
500-1,500 ppm. Combinations of the above stabilizers, such as sulfur dioxide and 
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sulfuric acid, boron trifluoride and sulfuric acid, su.fi. „• •„ 
"uoridea.dch^ 

from about 5 wt.% to about 7 wt y ™ ■„ • * Preferab, y 

embody ^^.ofphosphCcacid^,,, , . 2 00p ^I T a 
7*e compos otto, presenl tavenlion 

pnenyl ^"P' be "»g unsaturated or saturated anri th* xru 
carbon cranio . u- ^ ^ the ^ ^"P being bonded to a 

arbon or a rutrogen atom, when atom is directly bonded by a double hn „ , 
carbon or nitrogen atom * bond t0 
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Bisulfites and sulfites useful as the formaldehyde scavenger compound in this 
invention include alkali metal salts such as lithium, sodium and potassium salts, and 
ammonium salts, for example, sodium bisulfite, potassium bisulfite, lithium bisulfite, 
ammonium bisulfite, sodium sulfite, potassium sulfite, lithium sulfite, ammonium 
5 sulfite, and the like. 

Examples of amines useful in this invention include the aliphatic and aromatic 
amines such as, for example, aniline, benzidine, aminopyrimidine, toluene-diamine, 
triethylenediamine, diphenylamine, diaminodiphenylamine, hydrazines and hydrazide. 

Suitable proteins include collagen, gelatin, casein, soybean protein, vegetable 
10 protein, keratin, and glue. The preferred protein for use in this invention is casein. 

Suitable amides for use in this invention include urea, cyanamide, acrylamide, 
benzamide, and acetamide. Urea is a preferred amide. 

Suitable alcohols include phenols, 1,4-butanediol, d-sorbitol, and polyvinyl 
alcohol. 

1 5 Examples of suitable compounds having a b-dicarbonyl group include malonic 

acid, acetylacetone, ethylacetone, acetate, malonamide, diethylmalonate or another 
malonic ester. 

Preferred cyclic ketones for use in this invention include cyclohexanone or 
cyciopentanone. 

20 Examples of suitable heterocyclic compounds for use as the formaldehyde 

scavenger in this invention are disclosed, for example, in U.S. Patent No. 4,127,382 
(Perry) which is hereby incorporated in its entirety by reference. Such heterocyclic 
compounds include, for example, benzimidazole, 5-methyl benzimidazole, 2- 
methylbenzimidazole, indole, pyrrole, 1,2,4-triazole, jndoline, benzotriazole, indoline, 

25 and the like. 

A preferred formaldehyde scavenger for use in this invention is sodium bisulfite. 
In practicing the present invention, the formaldehyde concentration reducing 
agent, e.g., formaldehyde scavenger compound, is added in an effective amount to the 
cyanoacrylate. The "effective amount" is that amount sufficient to reduce the amount of 

30 formaldehyde generated during subsequent in vivo biodegradation of the polymerized 
cyanoacrylate. This amount will depend on the type of active formaldehyde 
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•mm*. Cueing agent, rtanbt radily ^ ^ 

experimentation by those skilled in the art. 

Cher £ ~" 0 ° ^ ^ h "* * 

U«« Appl^on ^ No . 08/?14 2g8 ^ referenM J 



When noncapsulated, the formaldehyde 

biodegradanon of the cyanoacrylale polymer. 

Forpurooses of fcmvenuon, microencapsutaed fom 
co^nonreduci^^.p^^^^^^^ 

'^^^^^^^ 

h^»g°f*e monomer composition during use. 

Mi «-^Mono ft he f „ m , a ,de„yde S cave„ gercanbeacllieved 

^—cap^on^ .Forexamp^icroen^^^^ 
« by dtssolvmg . coating ^ ,„ a voMe ^ ^ 

po.ymer^cen^o^^.^^^.^^^^^ 

y.=H a ^enger ™ 0OT ofl8% by wei ^ s|ow|y ^ a 

mine., „u * to me polymer solunon ^ ^ ^ 

mtcroparttcles will range ^ ^ ^ ^ ^ 

T ^^^e, f „ rmiCT<)encai)sllIalln8lhef<> d 
reducing agent should be polymers which undergo in vivo bioerosion, preferably at rates 

should ave ,ow inherent moisn™ content. Such bioerosion can occur as a resu,, of me 

en^suWngmatenal passing -lid to solute in dte presence of body Huids or b y 
b.cdegradauon of me encapsuUing n^ria, by agents present „ „« ^ 



WO 99/55374 



PCT/US99/09374 



21 

Examples of coating materials which can be used to microencapsulate the 
formaldehyde concentration reducing agent include polyesters, such as polyglycolic 
acid, polylactic acid, poly-l,4-dioxa-2-one, polyoxaites, polycarbonates, copolymers of 
polyglycolic acid and polylactic acid, polycaprolactone, poly-b-hydroxybutyrate, 
5 copolymers of epsilon-caprolactone and delta-valerolactone, copolymers of epsilon- 
caprolactone and DL-dilactide, and polyester hydrogels; polyvinylpyrrolidone; 
polyamides; gelatin; albumin; proteins; collagen; poly(orthoesters); poly(anhydrides); 
poly(alkyl-2-cyanoacrylates); poly(dihydropyrans); poly(acetals); poly(phosphazenes); 
poly(urethanes); poly(dioxinones); cellulose; and starches. 

1 0 Examples of surfactants which can be added to the mineral oil include those 

commercially available under the designations Triton X-100™ (Rohm and Haas), 
Tween 20™ (ICI Americas), and Tween 80™ (ICI Americas). 

The composition may also optionally include at least one thickening agent. 
Suitable thickeners include, for example, polycyanoacrylates, polylactic acid, poly- 1,4- 

1 5 dioxa-2-one, polyoxalates, polyglycolic acid, lactic-glycolic acid copolymers, 

polycaprolactone, lactic acid-caprolactone copolymers, poly-3-hydroxybutyric acid, 
polyorthoesters, polyalkyl acrylates, copolymers of alkylacrylate and vinyl acetate, 
polyalkyl methacrylates, and copolymers of alkyl methacrylates and butadiene. 
Examples of alkyl methacrylates and acrylates are poly(2-ethylhexyl methacrylate) and 

20 poly(2-ethylhexyl acrylate), also poly(butylmethacrylate) and poly(butylacrylate), also 
copolymers of various acrylate and methacrylate monomers, such as 
poly(butylmethacrylate-co-methylacrylate). 

To improve the cohesive strength of adhesives formed from the compositions of 
this invention, difunctional monomeric cross-linking agents may be added to the 

25 monomer compositions of this invention. Such crosslinking agents are known. U.S. 
Patent No. 3,940,362 to Overhults, which is hereby incorporated in its entirety by 
reference, discloses such cross-linking agents. Examples of suitable crosslinking agents 
include alkyl bis(2-cyanoacrylates), triallyl isocyanurates, alkylene diacrylates, alkylene 
dimethacrylates, trimethylol propane triacrylate, and alkyl bis(2-cyanoacrylates). A 

30 catalytic amount of an amine activated free radical initiator or rate modifier may be 
added to initiate polymerization or to modify the rate of polymerization of the 
cyanoacrylate monomer/crosslinking agent blend. 
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The compositions of this invention may further contain fibrous reinforcement 
and colorants, i.e., dyes and pigments. Examples of suitable fibrous reinforcement 
include PGA microfibrils, collagen microfibrils, cellulosic microfibrils, and olefinic 
microfibrils. Examples of suitable colorants include l-hydroxy-4-[4-methylphenyl- 
amino]-9,10 anthracenedione (D+C violet No. 2); disodium salt of 6-hydroxy-5-[(4- 
sulfophenyi)axo]-2-naphthalene-sulfonic acid (FD+C Yellow No. 6); 9-(o- 
carboxyphen0yl>6-hydroxy-2,4,5 ) 7-tetraiodo-3H-xanthen-3-one, disodium salt, 
monohydrate (FD+C Red No. 3); 2-{l,3-dihydro-3-oxo-5-sulfo-2H-indol-2-ylidene)- 
2,3-dihydro-3-oxo-lH-indole-5-sulfonic acid disodium salt (FD+C Blue No. 2); and 
(phtha-locyaninato (2-)] copper. 

Other compositions that are contemplated by the present invention are 
exemplified by U.S. Patents Nos. 5,624,669; 5,582,834; 5,575,997; 5,514,371; 
5,514,372; and 5,259,835; the disclosures of all of which are hereby incorporated in 
their entirety by reference. 
Example 

A sample of 120 microliters of 1000 ppm BAC solution in methanol was 
tested for its initiation property with 2-octyl cyanoacrylate in accordance with the 
method described above. The following polymerization times were obtained: 

Sample Number Set Time <secnn<k) 

1 109 

2 106 

3 111 

4 121 

5 - 102 

6 101 

7 109 

8 57 

9 126 
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WHAT IS CLAIMED IS : 

1 . A kit for delivering a medicament to a patient, comprising a package 



containing: 



and 



a first container that contains a polymerizable monomer composition, 



a second container that contains a medicament. 
2. The kit of claim 1 , wherein said medicament is a polymerization 
initiator or polymerization rate accelerator and causes polymerization of the monomer 
composition to form a polymeric adhesive. 
10 3. The kit of claim 1 or 2, wherein the medicament is present in a 

pharmaceutically effective amount for topical application on tissue. 

4. The kit of claim 2, wherein the superficial tissue is skin. 

5. The kit of any one of claims 1-3, wherein the medicament is selected 
from the group consisting of antibiotics, antimicrobials, antiseptics, bacteriocins, 

1 5 bacteriostats, disinfectants, steroids, fungicides, anti-inflammatory agents, 

antibacterial agents, antiviral agents, antitumor agents, growth promoters, and 
mixtures thereof. 

6. The kit of claim 1 or 2, wherein the polymerizable monomer is a 
1,1-disubstituted ethylene monomer. 

20 7. The kit of claim 1, 2 or 6, wherein the polymerizable monomer is a 

cyanoacrylate. 

8. The kit of any one of claims 1-3 or 5, wherein the medicament is 
selected from the group consisting of quaternary ammonium halides, salts of 
sulfadiazine, and salts of silver. 
25 9. The kit of any one of claims 1-3, 5 or 8, wherein the medicament is a 

quaternary ammonium halide selected from the group consisting of 
alkylbenzyldimethylammonium chloride with an alkyl containing 6-18 carbon atoms, 
its pure components, or mixtures thereof; and benzethonium chloride. 

10. The kit of any one of claims 1-3, 5 or 8-9, wherein the medicament is a 
30 salt of sulfadiazine selected from the group consisting of a silver salt, a sodium salt, 

and a zinc salt. 

1 1 . The kit of claim 7, wherein the kit is sterilized. 

12. The kit of claim 2, wherein the patient is an animal. 
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1 3 . Manufacture of a package comprising a polymerizable monomer 
composition and an instruction sheet for a method of delivering a medicament to a 
patient, the method comprising: 

applying a pharmaceutically effective amount of a medicament to a 

tissue of said patient, and 

applying a polymerizable monomer composition onto the medicament, 
wherein the medicament is a polymerization initiator or polymerization 

rate accelerator and causes polymerization of the monomer coniposition to form a 

polymeric adhesive covering on said tissue. 

14. Manufacture according to claim 13, wherein the medicament has a 
local pharmaceutical effect on the tissue to which it is applied. 

15. Manufacture according to claim 13 or 14, wherein the medicament has 
a systemic pharmaceutical effect on said patient. 

16. Manufacture according to any one of claims 13-15, wherein the 
polymerizable monomer is a 1 , 1 -disubstituted ethylene monomer. 

17. Manufacture according to any one of claims 13-15, wherein the 
polymerizable monomer is a cyanoacrylate. 

1 8 . Manufacture according to any one of claims 13-17, wherein the 
medicament is an anion, participates in radical generation, is an ion pair, or is a 
radical. 

19. Manufacture according to any one of claims 13-18, wherein the 
medicament is applied by spraying, brushing, swabbing, dripping, wiping, or dusting. 

20. Manufacture according to any one of claims 13-19, wherein the 
medicament is selected from the group consisting of antibiotics, antimicrobials, 
antiseptics, bacteriocins, bacteriostats, disinfectants, steroids, fungicides, anti- 
inflammatory agents, antibacterial agents, antiviral agents, antitumor agents, growth 
promoters, and mixtures thereof. 
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